Introduction Proximal row carpectomy (PRC) is a popular procedure for the treatment of wrist arthritis; however, the long-term clinical outcomes of this procedure are not wellcharacterized. The purpose of this study was to evaluate long-term results with PRC and to identify factors that may improve clinical outcomes. Methods A retrospective study was performed on all patients who underwent proximal row carpectomy between January 1967 and January 1992. Medical records and available radiographs were reviewed. The Disabilities of the Arm, Shoulder and Hand, and Patient Rated Wrist Exam, as well as hand motion diagrams were sent to all surviving patients. The contralateral extremity was used as a control. Data was analyzed using multivariant analysis and a Student's t test.
Introduction
Wrist arthritis, particularly radiocarpal arthritis, can cause significant disability and pain [1, 9, 31, 32] . Many patients affected by radiocarpal arthritis are those with a history of manual labor or wrist trauma [13, 14, 27] . Options for wrist salvage in these patients may include total wrist arthroplasty, total wrist fusion, scaphoidectomy with four corner fusion, and proximal row carpectomy (PRC). Patients who place a high demand on their hands are historically poor candidates for total wrist arthroplasty and these patients often wish to avoid total wrist fusion. Thus, the most commonly performed procedures for wrist arthritis are PRC or scaphoidectomy with four corner fusion. These procedures have been developed in an attempt to allow for pain relief while maintaining motion and strength within the affected wrist [2, 10, 25, 28] . These procedures have been used over the last three decades for the treatment of patients with wrist arthritis; unfortunately information regarding the long-term outcome of these procedures and their ability to prevent patients from needing further wrist salvage procedures is not well established [5, 7, 33] .
Several studies have demonstrated pain relief and minimal functional limitation following proximal row carpectomy [9, 10, 32] . While older studies indicated that patients were more likely to complain of weakness in grip strength and feelings of wrist instability, more recent studies have demonstrated good recovery of grip strength and that patients are able to return to manual labor jobs [1, 11, 31] . Of some concern are the findings in recent reports that arthritis develops within the lunate fossa 10-12 years following surgery [10, 18] . The clinical implications of these radiographic changes have been difficult to interpret as few studies have assessed patient satisfaction or functional outcomes scores beyond 10 years. Lack of long-term follow-up of patients having undergone PRC has prevented a clear consensus of whether this procedure is capable of providing a permanent solution for those suffering from radiocarpal arthritis. The purpose of this retrospective study was to critically evaluate the long-term (15-year minimum) functional outcome and satisfaction of patients who have undergone PRC.
Methods

Patient Demographics
An institutional review board approved, retrospective review of all patients who underwent PRC at our institution between 1967 and 1992 was undertaken. Inclusion criteria included all patients who underwent a PRC for any indication and minimum of 15-year follow-up. Patient charts were evaluated for demographics, reason for PRC, hand dominance, and evidence of further wrist surgery.
Survey and Survey Response
Subjective patient-related outcome measures were obtained using two previously validated questionnaires. Patients completed the Disabilities of the Arm, Shoulder, and Hand (DASH), a 30-item questionnaire that attempts to quantity patient outcomes by assessing physical function and patient symptoms [16] . Patients were also asked to complete the Patient-Rated Wrist Examination (PRWE), which is a previously validated patient outcome survey [23, 24] . In addition to the questionnaires for the DASH and PRWE, the patients were given a range of motion questionnaire. This included diagrams of the wrist which helped patients estimate wrist extension, wrist flexion, as well as radial and ulnar deviation. Finally, patients completed a survey to rate their overall satisfaction with surgery, ability to perform occupational activities, need for daily pain medication, and to note any subsequent surgery performed on the affected wrist. These answers were used to calculate a Mayo Wrist Score [3] . Grip strength values were determined using a Jamar dynamometer (New York, NY, USA) from the patient's last clinical record. The contralateral extremity was used as a normal control. If the patient was not able to complete the questionnaires or had questions regarding measurements, a telephone contact number was included with the survey and the patient completed the examination with the assistance of an examiner via telephone.
Radiographic Data
Radiographs, when available, were evaluated for signs of degenerative changes at the capitate-lunate interface at final follow-up. The radiocapitate articulation was graded according to the 4-point grading system of Culp and Jebsen [4, 18] . Stage zero indicated no arthritic changes, stage 1 (minimal arthritic change) indicated minimal joint space narrowing, stage 2 (moderate arthritic change) indicated joint space narrowing with adjacent subchondral sclerosis, and finally, stage 3 (severe arthritic change) indicated bone collapse, erosion or subchondral cyst formation ( Fig. 1a-d ).
Only 15 patients had recent wrist radiographs (defined as within 1 year of final data collection). Patients were offered compensation to travel to our campus for complimentary radiographs, but most declined due to travel times. More than 75% of patients lived more than 2 h from our clinic facility. In total, 27 patients had long-term radiographs (defined as 2 years or beyond the original surgical procedure) for evaluation.
Surgical Technique
For all patients, the same general surgical technique was utilized. A dorsal longitudinal skin incision was made overlying the third and fourth extensor compartments. The extensor retinaculum was then opened between these extensor compartments along with the joint capsule. The lunate was sharply excised either en bloc or in piecemeal fashion, and then the scaphoid and triquetrum were removed. Following bone excision, the wrist capsule and extensor retinaculum were closed in layers. Post-operative protocols varied regarding immobilization, with wrist immobilization times varying from 3 to 10 weeks. Concomitant surgical procedures (when performed) were noted and included: interposition of the dorsal capsule between the lunate fossa and the capitate, posterior interosseous nerve excision, and radial styloidectomy.
Statistical Analysis
Statistical analysis was performed using Student's t tests, analysis of variance, and chi-square tests. Statistical significance was defined as p<0.05.
Results
During this time period, 81 patients underwent a proximal row carpectomy. The patient demographics are displayed in Table 1 . The primary indications for surgery were pain and weakness with occupational activities (Table 1 ). Most patients underwent PRC for the treatment of degenerative arthritis. The causes of radiocarpal arthritis are listed in Table 2 . Twelve patients had a proximal row carpectomy performed to treat significant wrist flexion deformity from either cerebral palsy or arthyrogryposis. These patients represented a unique subset within this study as their surgery was not performed for pain but for improvement in wrist extension ( Table 2) . Concomitant surgical procedures are listed in Table 3 .
During the follow-up period which averaged 19.8 years (range, 15.1-36.3 years), 15 patients died, two patients refused to participate in the survey portion of the study, and three were lost to follow-up despite extensive attempts to locate them. The final response rate to the survey was 75% (61 out of 81).
Patient Wrist Range of Motion
On average, patients had decreased wrist flexion, wrist extension, radial deviation, and ulnar deviation when compared to the contralateral wrist prior to surgical intervention. The patients' preoperative and most recent postoperative range of motion measurements was compared. On average, wrist flexion decreased 5.7°, wrist extension increased 6.3°, radial deviation increased 0.3°, and ulnar deviation decreased 0.4°, but none of these differences were statistically significant (p>0.2; Table 4 ). In the 12 patients who had undergone proximal row carpectomy for neuromuscular spasticity, postoperative wrist extension improved on average from −13°(representing a wrist flexion contracture) prior to surgery to 21°of wrist extension following surgery; however, this improvement did not reach statistical significance.
Patient Grip Strength
Fifty-four of the 81 patients were seen by either a local physician or their primary surgeon for examination after a Table 5 ). Grading was most adversely affected by requirements for ongoing pain medication and the inability to return to previous employment.
Preoperative surgical diagnosis was not found to significantly affect DASH or PWRE scores, with the exception of patients with neuromuscular disorders ( Table 6 ). Patients with neuromuscular spasticity had a PWRE score of 18.7, which was significantly lower than the average PWRE score of 37.2 (p<0.05).
In examining the benefit provided by any concomitant surgical procedures (dorsal capsular interposition, posterior interosseous nerve neurectomy, and radial styloidectomy) on the PWRE or DASH, posterior interosseous nerve neurectomy at the time of PRC was associated with lower (improved) DASH and PWRE scores (p<0.05) ( Table 6 ). Capsular interposition and radial styloidectomy were not found to result in significantly lower DASH or PWRE scores.
Radiographic Evaluation
Radiographic evaluation was available on only 27 patients. Radiographic follow-up averaged 165.4 months (range, 24-348 months). Six of these 27 wrists were fused and could not be evaluated for changes at the radiocapitate joint. Of the remaining 21 patients, the average arthritic grade at the radiocapitate joint was 2. Nineteen of the 21 wrists had evidence (grade 1 or higher) of arthritis at the radius capitate interface. Two wrists were graded as 0, with an average radiographic follow-up of 24.5 months. Six patients were graded as 1, with an average radiographic follow-up of 145.3 months (range, 99-240 months). Three patients were graded as stage 2 with an average radiographic follow-up of 163.7 months (range, 143-192 months). Ten wrists were graded as stage 3 with an average final radiographic follow-up of 201.1 months (range, 108-348 months). Patients grade 2 and 3 arthritis had an average radiographic follow-up of 192 months, which was noted to be significantly longer than patients with grades 0 and 1 arthritis, who had an average radiographic follow-up of 103 months (p=0.005).
Discussion
Proximal row carpectomy has historically provided a technically simple means of treating radiocarpal wrist arthritis [17, 19, 33] . As a surgical procedure, its benefits have been reported to be a rapid return to function with relatively few post-operative complications; however, there is still some question regarding the procedures durability beyond 10 years and long-term patient satisfaction. The findings of our study demonstrate that wrist motion and grip strength remain comparable to pre-operative values.
The surprising finding within this study was the high rate of patient dissatisfaction in comparison to previous reports [4, 18, 19, 21, 22, 26] . The majority of the patients in this study required pain medication for the management of ongoing wrist pain and were unable to return to manual labor type activities.
Despite patient dissatisfaction and ongoing wrist pain, our patient's DASH scores are comparable other shorter term outcome studies. Richou and colleagues reported a final DASH score of 31 in 24 patients followed for an average of 116 months [26] . Dacho noted a DASH score of 25 in 30 patients followed for 27 months [6] . Kremer noted a DASH scores of 26 in 45 patients followed for 32 months [20] . This suggests that subjective function may remain stable over time following PRC.
Evidence of radiocapitate arthritis was seen in the majority of post-operative radiographs and appeared to worsen with time. The presence of radiocapitate arthritis has been noted in several studies and has not been found to be directly correlated with outcome [10, 18, 22, 33] ; however, such progressive arthritis may contribute to the negligible improvement in wrist motion from pre-operative values seen within our study. The reasons for progressive deterioration of the radiocapitate joint has not been clearly identified, but biomechanical studies have suggested that there is an increase in contact pressure and a decrease in contact area at the lunate fossa following PRC [15, 29] . In addition, a mismatch may exist between the articular surface of the capitate and the lunate facet contributing to articular wear [34, 35] .
Within this study, we also found that the etiology of the patient's wrist arthritis did not significantly affect final functional outcome scores. The exception to this was in patients treated for neuromuscular disorders, in this group the PRC was done to improve wrist extension rather than to treat radiocarpal arthritis. The long-term improvement in wrist extension was not statistically significant in the neuromuscular group at final follow-up; however, these patients reported approximately double the level of satisfaction that was reported by the overall patient cohort, and these patients had a significantly lower PRWE. Long-term outcomes following PRC have not been reported in this group previously and may suggest that PRC is a useful procedure within this patient cohort.
The study also noted that patients who underwent a posterior interosseous nerve neurectomy performed better on PRWE and DASH scores than those who did not. Improvement in wrist pain and wrist function has been reported previously following partial wrist denervation and may explain this finding [8, 30] . Radial styloidectomy and dorsal capsular interposition did not appear to significantly affect subjective outcome measures. These findings have led us to add PIN neurectomy to all PRC procedures.
The reason for poor patient satisfaction within this study may be related to the length of follow-up and progressive deterioration of the radiocapitate joint over time. Other factors may include the high percentage of manual laborers within our study who could not return to their level of performance following PRC. Despite the majority of patients reporting ongoing wrist pain, it should be noted that only 14.8% of patients required fusion. This fusion rate is similar to previous studies by Richou, De Smet, and Elfar, where fusion rates have ranged from 10% to 13% [7, 12, 26] . This may suggest that while wrist pain was present, it was manageable with medical means. It may also imply that patients were unwilling to undergo a complete wrist fusion procedure to treat persistent wrist pain following PRC. These questions will need to be answered with prospective studies. The results of this study have caused us to be more cautious in offering PRC as an option to young laborers. Similar recommendations have been made by Dacho's and others, who recommended against PRC for patients engaged in heavy lifting or manual laborers [6, 6, 12] .
This study has several limitations. First, this is a retrospective study and survey results may have been subjected to recall bias. Larger patient numbers may have allowed for the identification of significant outcome differences between subgroups. DASH and PWRE scores were only obtained at a single time point and as such, changes in these values cannot be followed over time. In addition, most patients did not have recent radiographs performed for this study; this prevents us from directly attributing the cause of the patients' ongoing pain to progressive radiocapitate arthritis. Thirdly, a wide variety of patients underwent proximal row carpectomy over the 25-year period, including a subset with neuromuscular disorders, and this may have contributed to a wider distribution of data leading to a possibility of a type II error. Despite these weaknesses, this represents one of the largest studies with the longest follow-up averaging almost 20 years. In addition, validated patient outcome measures were used to evaluate patient function.
Future investigations should include comparison of longterm outcomes of proximal row carpectomy with other procedures such as four-corner arthrodesis and total wrist arthroplasty. Overall, proximal row carpectomy remains a technically simple procedure and is capable of preserving motion and grip strength beyond 20 years; however, patients should be instructed that failure rates can be as high as 15%, pain relief may deteriorate over time, and patients may require daily medication to help resolve wrist discomfort. Surgical adjuncts to improve long-term outcomes may be the addition of a PIN neurectomy with all PRC procedures. The results of this study suggest that longterm patient satisfaction following PRC can be poor and the surgeon may wish to consider alternative treatment options for younger patients and those with high-demand jobs.
